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© An optical information recording medium (1) 
configured to prevent signal reproduction due to 
intermodulation as well as to ensure a compatibility 
between players that involve read lights with dif- 
ferent wavelengths and improved data transfer rate 
with higher information recording density. The op- 
tical information recording medium comprises a first 
recording layer (4) for reflecting first incident light of 
a first wavelength to change an optical characteristic 
thereof and passing second incident light of a sec- 
ond wavelength different from the first wavelength, 
and a second recording layer (6) for reflecting the 
second incident light to change an optical char- 
acteristic thereof, the first recording layer (4) and the 
second recording layer (6) are laminated in the order 
of the first and second recording layers from aside 
where the first incident light enters. 
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The present invention relates to an optical in- 
formation recording medium. 

Fig. 1 illustrates a cross-sectional view of a 
conventional RO (Read Only) type optical disk and 
shows the manner of irradiation of a read light 
beam on the optical disk. 

In this diagram an optical disk 101 comprises a 
transparent plastic substrate 102 formed of, for 
example, a polycarbonate resin, with one main 
surface of the substrate 2 serving as an information 
recording surface. On this information recording 
surface is formed a reflecting film 104 which re- 
flects incident read light coming from an objective 
lens 103. The reflecting film 104, formed by vapor 
deposition of aluminum, for example, is sand- 
wiched between the substrate 102 and a protective 
layer 105. 

The information recording surface of the con- 
ventional so-called optical disk, like the reflecting 
film 104, has a reflection characteristic as shown in, 
for example, Fig. 2, which responds to incident 
read light of a relatively wide range of wavelengths. 
Fig. 2 illustrates a wavelength-dependent character- 
istic of a reflectance in the case of aluminum (Al) 
used for the reflecting film, wherein the horizontal 
scale X (nm) represents the wavelength of incident 
light and the vertical scale I (%) represents the 
reflectance of the incident light. 

In reproducing recorded information from an 
optical disk designed for a long wavelength by a 
reproducing apparatus which uses incident read 
light of a short wavelength for the purpose of 
higher density, the read signal level will drop and 
intermodulation will occur, making it difficult to re- 
alize good signal reproduction. Due to high density 
signal recording, a disk having information record- 
ed thereon by incident read light having a specific 
wavelength as a standard can only be played by 
the players of such a standard, thus not enabling 
disk compatibility. 

It is therefore an object of the present invention 
to provide an optical information recording medium 
which ensures good signal reproduction without 
causing any intermodulation as well as allowing 
n compatibility in players of different specifications. 

An optical information recording medium ac- 
cording to the present invention comprises a first 
recording layer for reflecting first incident light of a 
first wavelength to change an optical characteristic 
thereof and transmitting second incident light of a 
second wavelength different from the first 
wavelength; and a second recording layer for re- 
flecting the second incident light to change an 
optical characteristic thereof, the first recording lay- 
er and the second recording layer being laminated 
in the order of said first recording layer and second 
recording layer from a side where said first incident 
light enters. 



The optical information recording medium with 
the above structure permits the first recording layer 
to reflect the first incident light of the first 
wavelength to change its optical characteristic and 

5 to transmit the second incident light of the second 
wavelength different from the first wavelength, and 
permits the second recording layer laminated on 
the first recording layer to reflect the second in- 
cident light to change its optical characteristic. 

w Preferred embodiments of the present inven- 

tion will now be described by way of example only 
and with reference to the accompanying drawings, 
wherein: 

Fig. 1 is diagram illustrating a cross-sectional 
75 view of a conventional optical disk and showing 
the manner of irradiation of an incident read light 
on the optical disk; 

Fig. 2 is a diagram illustrating the characteristic 
of the wavelength dependency of the reflectance 
20 of a reflecting film on the conventional optical 
disk; 

Fig. 3 is a diagram showing a cross-sectional 
view of an optical disk according to one embodi- 
ment of the present invention, and showing the 
25 manner of irradiation of an incident read light on 
the optical disk; 

Fig. 4 is a diagram showing the characteristic of 
the wavelength dependency of the reflectance of 
a first reflecting film in the embodiment in Fig. 

30 3; 

Fig. 5 is a block diagram showing an optical 
system with a first structure for reproducing the 
optical disk of the present invention'; 
Fig. 6 is a block diagram showing an optical 
35 system with a second structure for reproducing 
the optical disk of the present invention; 
Fig. 7 is a block diagram showing an optical 
system with a third structure for reproducing the 
optical disk of the present invention; and 
40 Fig. 8 is a block diagram showing an optical 
system with a fourth structure for reproducing 
the optical disk of the present invention. 
Fig. 3 illustrates the cross-sectional view of an 
optical disk according to one embodiment of the 
45 present invention, and the manner of irradiation of 
an incident read light on this disk. 

An optical a disk 1 has a transparent plastic 
substrate 2 formed of a first medium, such as a 
polycarbonate resin, as a first transparent support 
so layer. One main surface of this substrate 2 serves 
as a first information recording surface. Information 
signals which can be reproduced by incident read 
light with a long wavelength of, for example, X1 = 
780 nm, i.e. pits ,in the form of depressions and 
55 bumps, are formed on the first information record- 
ing surface for recording. A first reflecting film 4 of 
monolayer or multilayer construction is deposited 
on the first information recording surface to serve, 
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together with the transparent support layer, as a 
first recording layer. The first reflecting film 4 has a 
characteristic for transmitting incident light of a 
short wavelength of, for example, X2 = 300 nm 
while reflecting the incident light of the wavelength 
\1. The reflecting film 4, typically formed of silver, 
MgF, T1O2 or SiCte, is sandwiched between the 
substrate 2 made of the first medium and a second 
transparent support layer 5. 

The second transparent support layer 5 is 
made of a second medium, such as a polycar- 
bonate resin, which has a refractive index equiv- 
alent to the first information recording surface, or 
the first medium used for the plastic substrate 2. 
One main surface of the second transparent sup- 
port layer 5 is used as a second information re- 
cording surface. Information signals which can be 
reproduced by an incident readout light with a 
short wavelength of, for example, X2 = 300 nm.i.e. 
pits, in the form of depressions and bumps, are 
formed on the second information recording sur- 
face for recording. A second reflecting film 6 of 
monolayer or multilayer construction is deposited 
on the second information recording surface to 
serve, together with the transparent support layer 
5, as a second recording layer. The second reflect- 
ing film 6 has a characteristic for reflecting the 
incident light of the short wavelength X2. The re- 
flecting film 6, formed by vapor deposition of alu- 
minum or the like, is sandwiched between the 
second transparent support layer 5 and a protec- 
tive layer 7. 

Fig. 4 shows the reflectance characteristic of a 
thin silver (Ag) film, which satisfies the require- 
ments of the first reflecting film 4, with respect to 
the wavelength of incident light. The horizontal axis 
X (nm) in the graph represents the wavelength of 
incident light to be irradiated on the thin silver film, 
while the vertical axis I (%) represents the ratio of 
the amount of reflected light to the amount of 
incident light, or the reflectance. As apparent from 
the characteristic curve, the thin silver film shows 
the minimum reflectance of 5% with respect to. 
incident light with a wavelength X of 300 nm, and 
hardly reflects the light, while it shows an almost 
100% reflectance to incident light with a 
wavelength X of approximately over 400 nm, caus- 
ing full reflection of the incident light. 

If this thin silver film is used as the reflecting 
film 4, the information recording surface can there- 
fore reflect the incident light with the above-de- 
scribed long wavelength of X1 = 780 nm and can 
transmit the incident light with the aforementioned 
short wavelength of X2 = 300 nm. If the second 
reflecting film 6 is formed of aluminum having such 
a property to almost completely reflect incident 
light with the broad range of wavelength as shown 
in Fig. 2, the reflecting film 6 will be able to reflect 



the incident light with the short wavelength X which 
is transmitted through the substrate 2, the reflect- 
ing film 4 and the support layer 5. The reflectance 
is determined in accordance not only with the 
5 reflection characteristic of a single material, such 
as aluminum or silver as previously mentioned, but 
also with the film thickness of that material or the 
amount of a compound to be added. The reflec- 
tance of the reflecting film formed of MgF, TiCk or 

10 S1O2 also changes in accordance with the 
wavelength of incident light. 

The first and second media, formed of a poly- 
carbonate resin, have an equivalent reflectance and 
the reflecting film 4 formed in-between is very thin. 

15 The incident light with the wavelength X2 is there- 
fore almost linearly irradiated on the second in- 
formation recording surface. It is possible to ex- 
actly and efficiently reflect the incident light by 
means of the second reflecting film 6 which has a 

20 high reflectance with respect to that light having 
the short wavelength so as to read an information 
signal more accurately with less errors. 

The schematic structure of an optical read sys- 
tem for reproducing the optical disk will now be 

25 described. 

Fig. 5 is a block diagram showing a first struc- 
ture of the optical system which reads an informa- 
tion signal from the first information recording sur- 
face. Identical reference numerals are used in Fig. 

30 5 to indicate elements corresponding to those in 
Fig. 3. A laser device 8a emits a laser beam of a 
long wavelength X1 to a beam splitter 9a, which in 
turn guides this beam to and through an objective 
lens 3a to irradiate the first reflecting film 4 of the 

35 optical disk 1 through the objective lens 3a. Since 
the reflecting film 4 reflects incident light with a 
long wavelength X1, the reflecting film 4 reflects 
the incident light to the beam splitter 9a through 
the objective lens 3a in accordance with the in- 

40 formation signal recorded on the first information 
recording surface. The beam splitter 9a separates 
the incident light from the laser device 8a from the 
reflected light from the optical disk 1, a so-called 
polarizing beam splitter or half mirror is used for it 

45 Reflected light which has been transmitted through 
the beam splitter 9a is supplied as an optical read 
signal to a photodetector 10a. The first optical read 
system 11a is structured in this manner. 

Fig. 6 is a block diagram showing the optical 

50 system with a second structure which reads an 
information signal on the second information re- 
cording surface. A second optical read system 11b 
is almost the same as the first optical read system 
11a shown in Fig. 5 whose laser device 8a is 

55 replaced with a laser device 8b which emits a laser 
beam with a short wavelength X2. A beam splitter 
9b, an objective lens 3b and a photodetector 10b 
function the same as the corresponding elements 
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9a ( 3a and 10a in Fig. 5. Light entering the optical 
disk 1 has the short wavelength X2 and is transmit- 
ted through the first reflecting film 4 and then 
reflected by the second reflecting film 6. The in- 
cident light is therefore to be reflected toward the 
beam splitter 9b through the objective lens 3b in 
accordance with the information signal recorded on 
the second information recording surface. 

According to the optical disk of this invention, 
even if the first optical read system 1 1 a which uses 
incident read light of the long wavelength X1 and 
the second optical read system 11b which uses 
incident read light of the short wavelength X2 are 
separately installed on two disk players, the optical 
disk has information recording surfaces associated 
with those wavelengths, so that both players can 
play the same disk for information reproduction. It 
is therefore possible to prevent intermodulation due 
to the different wavelengths involved as well as to 
achieve compatibility between different disk players 
utilizing incident read lights of different 
wavelengths. The information tracks on the first and 
second information- recording surfaces need not 
necessarily be provided at corresponding positions. 

Fig. 7 presents a block diagram of an optical 
system having a third structure designed to have 
two optical read systems or two types of pickups 
like the optical systems 11a and 11b installed in a 
single player to allow information signals to be read 
from the first and second information recording 
surfaces simultaneously. 

A spindle motor 12 is controlled by a spindle 
servo system (not shown) to rotate the disk 1 . The 
optical read system for reading an information sig- 
nal with a long wavelength, such as the first optical 
read system 11a, is provided on one side of the 
spindle motor 12, and another optical read system 
for a signal with a short wavelength, such as the 
second optical system 11b, is provided on the 
other side of the motor 12, for example, at a 
position radially opposed from the optical system 
11a. These optical systems are shiftable in the 
radial direction of the disk, and their positions are 
controlled by a tracking servo system and a feed 
servo system (both not shown) which are provided 
for coarse and fine adjustments. 

The optical system with this structure can 
therefore read two kinds of information signals from 
two information recording surfaces at the same 
time, serving to accelerate data transfer from one 
information recording medium. 

A disk player with such a structure usually 
needs two pickups to read two information signals. 
Fig, 8 is a block diagram illustrating an optical 
system with a fourth structure which can read both 
first and second information signals by a single 
pickup (information read point). 

A laser device 13 outputs a laser beam with a 



long wavelength X1, which enters a nonlinear op- 
tical element 15 through a coupling lens 14. The 
nonlinear optical element 15 converts the long 
wavelength X1 into a short wavelength X2. With an 
5 SHG (Second Harmonic Generator) as the non- 
linear optical element 15, for example, X2 = X1/2. 
The laser beam, after passing through the non- 
linear optical element 15, reaches a beam splitter 
16 as so-called mixed light consisting of the light 
io with the wavelength X1 and the light with the 
wavelength X2. The beam splitter 16 reflects the 
mixed light to the objective lens 17. The objective 
lens 1 7 has an optica! characteristic such that the 
focal distance for the incident light with the 
15 wavelength X2 is longer than that for the incident 
light with the wavelength X1. The objective lens 17 
is therefore formed and placed so that the lights 
with the wavelengths X1 and X2 can be focused 
respectively on the first information recording sur- 
20 face of the disk 1 , that is, the reflecting film 4 and 
the second information recording surface, that is, 
the reflecting film 6. 

In other words, the light with the long 
wavelength X1 is reflected in focus at the reflecting 
25 film 4, and the light with the short wavelength X2 is 
transmitted through the reflecting film 4 to be re- 
flected in focus at the reflecting film 6. These 
reflected lights are guided in the direction of the 
optical axis again by the beam splitter 16 as shown 
30 in Fig. 8, reaching a dichroic beam splitter 18. The 
dichroic beam splitter 18, made of, for example, 
glass coated with multi-layered films, reflects the 
light with the wavelength X1, and transmits the light 
with the wavelength X2. The lights with the 
35 wavelengths X1 and X2 after being \ separated by 
the beam splitter 18 are sent to photodetectors 19 
and 20, respectively. In accordance with the 
amounts of received lights, the photodetectors 19 
and 20 simultaneously detect information signals 
40 on the respective first and second information re- 
cording surfaces on the disk 1. 

The above-structured disk player not only has 
an effect of improving the data transfer rate like the 
above-described disk player having two pickups, 
45 but also reads information from a plurality of in- 
formation recording surfaces with a single pickup. 
The disk player with the forth structure therefore 
needs fewer components than the type which 
reads information with a plurality of pickups, thus 
so contributing to reduction of the manufacturing cost. 
With the structure like the fourth one where the 
actuator for the objective lens is shared in reading 
information from a plurality of information recording 
surfaces, the positions of information tracks should 
55 be specified to correspond with each other in a 
disk fabricating process. 

Though the condition of X1 > X2 has been 
adopted in the embodiment described above, the 
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condition XI < X2 is also allowable so that the first 
information recording surface may be used for re- 
cording light with a short wavelength and the re- 
flecting film 4 may be designed to transmit light 
with a long wavelength X1. The foregoing descrip- 
tion of this embodiment has been given with refer- 
ence to the case where two information recording 
surfaces are used to provide a double-layered 
structure. The structure is not limited to this par- 
ticular type and, based on the same principle as 
described above, it may have a multi-layered struc- 
ture where a plurality of recording layers corre- 
sponding to the wavelengths of incidont lights to bo 
reflected are laminated in the order of the mag- 
nitudes of the wavelengths. This can permit fab- 
rication of a recording disk which can have more 
types of recording means and reproducing means, 
thus improving its compatibility to different players, 
and which can record a greater amount of informa- 
tion with a higher density. 

As described above in detail, the information 
recording medium according to the present inven- 
tion is designed to reflect the first incident light 
with the first wavelength at the first recording layer 
to change the optical characteristic of the light, 
transmit the second incident light with the second 
wavelength different from the first wavelength, and 
reflect the second incident light at the second 
recording layer formed on the first recording layer 
to change the optical characteristic of the second 
incident light. It is therefore possible to prevent 
signal reproduction due to intermodulation, fabri- 
cate an optical information recording medium com- 
patible with players which have read lights with 
different wavelengths, and contribute to the im- 
provement of the information recording density and 
data transfer rate. 



and a first thin film formed on a pit-recorded 
surface of said first transparent support layer, 
and the second recording layer includes a sec- 
ond transparent support layer and a second 
thin film formed on a pit-recorded surface of 
said second transparent support layer. 

3. An optical information recording medium ac- 
cording to claim 2 wherein said first thin film is 

10 a silver film and said second thin film is an 

aluminium film. 

4. An optical information recording medium ac- 
cording to claim 2 or 3 wherein said first thin 

75 film reflects light of a first range of 

wavelengths and transmits light of a second 
range of wavelengths, and said second thin 
film reflects light of said second range of 
wavelengths. 

20 

5. An optical information recording medium ac- 
cording to claim 2, 3 or 4 wherein the refrac- 
tive index of said first support layer is equal to 
that of said second support layer. 

25 

6. An optical read system for reading information 
stored on the recording medium of any of 
claims 1 to 5 comprising: 

a light beam emitter for emitting light of a 
30 plurality of wavelengths focusing means for 

focusing light of different wavelengths onto the 
appropriate reflecting film which reflects light 
of that wavelength; *' 

a beam splitter for detecting the light re- 
35 fleeted from the reflecting films and splitting 

the reflected light into light from each film such 
that information recorded on each film, and 
contained in the reflected light, can be de- 
tected by separate detectors. 



Claims 



5 



40 

1. An optical information recording medium com- 
prising: 

a first recording layer for reflecting a first 
incident light of a first wavelength to change an 
optical characteristic thereof and transmitting a 45 
second incident light of a second wavelength 
different from the first wavelength; and 

a second recording layer for reflecting the 
second incident light to change an optical 
characteristic thereof, the first recording layer so 
and the second recording layer being lami- 
nated in the order of said first recording layer 
and second recording layer from a side where 
the first incident light enters. 

55 

2. An optical information recording medium ac- 
cording to claim 1, wherein the first recording 
layer includes a first transparent support layer 

5 
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